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Abstract. [Purpose] We aimed to compare the effects of cognitive load and task prioritization on dual task strate-
gies in patients with stroke and healthy adults in order to clarify the characteristics of cognitive-motor interference. 
[Participants and Methods] In total, 26 patients with stroke and 26 age-matched healthy adults (controls) performed 
the Timed Up and Go Test while performing a serial subtraction task from random numbers between 90 and 100. 
Dual task was measured under four conditions in which two difficulty levels of “3 subtraction” and “7 subtraction” 
were multiplied by two prioritizing tasks that involved “paying equal attention to both walking and subtraction 
tasks” (no priority) and “paying attention while mainly focusing on subtraction tasks” (cognitive priority). [Results] 
Increasing cognitive load and prioritizing cognitive tasks affected motor performance in terms of the amount of 
time and number of steps required to complete the Timed Up and Go Test in both the patients and controls. How-
ever, cognitive load and task prioritization did not affect cognitive performance. [Conclusion] When cognitive load 
increases and instructions are given to prioritize increases in cognitive load, patients with stroke use the “posture 
first” strategy to stabilize their gait as effectively as healthy adults do.
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INTRODUCTION
Walking is usually an automatic movement that requires little attention. However, healthy young persons also require some 
attention resources1, 2), as do elderly persons and patients with neurological disorders3), and adding concurrent cognitive tasks 
further increases the demand for attention resources4). Walking under normal circumstances can be considered not only as 
a single task (ST) but also as a complex task, such as simultaneously walking while talking. Thus, there is a dual task para-
digm5) for evaluating interactions between cognition and motor performance. Dual task (DT) is the simultaneous execution 
of two required tasks that are simultaneously implemented while appropriately allocating attention to both6). Cognitive-motor 
interference (CMI) occurs under such circumstances; the information processing capability for both tasks is lowered, and the 
performance of one or both tasks will decrease7). Allocating attention appropriately to the two tasks is important for activities 
of daily living (ADL), because inappropriate attention to concurrent tasks can result in falls. Lundin-Olsson et al.8) suggested 
that elderly persons who stopped walking while talking are at high risk for falls, and a systematic review of factors associated 
with falls and DT found that DT can be a predictive measure of falls among elderly persons9, 10). Furthermore, Mendel et al.11) 
suggested that dual task training as a treatment strategy for neurological rehabilitation improves gait, cognition, automation 
skills and transference of learning and may be a valuable strategy for neurological physical therapy. However, it is also 
described that additional investigation with better methodological rigor is necessary for accurately assessment of the effects 
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of that strategy on the neurological population.
Cognitive-motor interference that has been identified in younger persons, increases with aging12) and after a stroke13), 
when it influences ambulation14). Increased in CMI in patients with stroke might be due to decreased motor function, cogni-
tive function or walking ability. Habitual walking requires the appropriate allocate of attention to additional information such 
as turning direction, avoiding obstacles and talking. Stroke patients need to appropriately allocate attention to walking and 
additional information to walk safely within their communities, because inappropriate prioritization can result in falls15).
Thus, strategies are used to prioritize which of two tasks is more important when applying DT to predict falls and to 
determine intervention to prevent falls. Elderly persons use the posture first strategy that gives priority to walking stability16), 
whereas patients with Parkinson’s disease use a posture second strategy, which cannot prioritize stability while walking17–19). 
In addition, these strategies are affected by the nature20) and the difficulty21) of a secondary task, even when given instructions 
about which of two tasks to prioritize19).
However, few studies have investigated the effects of simultaneously cognitive load and task prioritization. Maclean et 
al.22) reported that healthy elderly people reduce walking speed as cognitive load increases and concentrate on the cognitive 
task. Furthermore, although patients with stroke reportedly to use the posture first strategy on DT23), the effects of cognitive 
load and task prioritization on stroke patients remain unknown. The present study aimed to examine the effect of cognitive 
load and instructions regarding task prioritization on the performance of DT by patients with stroke and healthy adults.
PARTICIPANTS AND METHODS
This cross-sectional study analyzed the effects of cognitive load and task prioritization instruction as independent vari-
ables. Low and high cognitive loads comprised counting backwards in sets of 3 (Serial 3s) and in sets of 7 (Serial 7s), respec-
tively. The prioritization instructions comprised no (NP) and cognitive (CP) priority. The dependent variables comprised dual 
task cost (DTC) (described later) for gait performance as measured by elapsed time and number of steps, and for cognitive 
performance measured as number of correct cognitive responses per second.
Twenty-six patients with stroke and 26 age-matched healthy adult controls were recruited. The patients were recruited 
from the convalescence rehabilitation ward and geriatric health services facility of the General Foundation Harunaso and 
identified from descriptions in their medical charts. The inclusion criteria comprised able to walk alone or with or without 
walking aid; able to count backwards insets of 3 while seated (more than three continuous answers were possible) and 
sufficient exercise tolerance determined from assessments. Exclusion criteria comprised withheld consent to participate, 
difficulties with verbal responses and understanding questions or instructions due to dementia, aphasia or dysarthria and other 
cognitive disturbances, requires >5 minutes for the Trail Making Test A (described later), at confirmed high risk of falls, and 
neurological diseases such as Parkinson disease and traumatic brain injury or severe orthopedic diseases such as osteoarthritis 
and rheumatoid arthritis that affect walking ability. Healthy adults were recruited from the local community. They fulfilled 
the same inclusion and exclusion criteria as the patients with stroke except for the self-reported absence of stroke.
The research ethics committee at Harunaso Hospital approved (approval number: 130103) the study and all participants 
provided prior written informed consent, in accordance with the Declaration of Helsinki (2008).
We measured the cognitive function of the patients using the Trail Making Test (A and B)24), stroke severity using Fugl-
Meyer lower extremity assessment (FMLE)25) and functional gait ability using Functional Ambulation Categories (FAC)26). 
The FMLE is a measure of motor recovery following a stroke that includes a lower extremity subscale of 17 items, with each 
item scored on a scale of 0–2 (score range, 0–34). The FAC is a functional walking test that evaluates ambulation ability and 
classifies patients into six categories (range, 0–5).
Thereafter, the participants executed one Timed Up & Go (TUG) trial, two cognitive trials, and four DT trials. All TUG 
trials (ST and DT) proceeded on a level surface in a well-lit, obstacle-free environment. Participants performed the two 
cognitive trials (Serial 3s and 7s) and ST trial followed by the DT trials under randomized conditions in that order.
Under the single cognitive conditions, participants were seated on a standard chair and recorded counting backwards, 
subtracting either 3s (Serial 3s) or 7s (Serial 7s) from any given number between 90 and 100 for 30 seconds. Under the single 
TUG conditions, participants executed the TUG test without a cognitive task. A standard chair was used, and a cone was placed 
at the 3-meter mark on a path walked from the chair. Participants sat on the chair. The investigator provided the following 
instructions: “When I say ‘Go’, please stand up from the chair and walk at a comfortable speed to the cone; turn 180° around 
the cone, walk back, and sit down on the chair.” The DT conditions comprised simultaneously executing the TUG test and 
counting backwards (Serial 3s and 7s). At the start of each DT the participants walked and counted backwards in either 3s or 7s, 
and were instructed to concentrate equally on both tasks (no priority: NP) or more on the cognitive task than walking (cognitive 
priority: CP). The investigator verbally informed seated participants of a number between 90 and 100 and then said, “Go”. The 
participants then started the TUG test and consecutively counted backwards by 3 or 7 from the number and simultaneously 
gave verbal responses. The start number between 90 and 100 for each ST and DT trial was randomly chosen. Each ST and DT 
cognitive task started with a different number, never with the same two digits. No specific instructions were provided regarding 
mistakes occurring in the DT or hesitation while walking under DT conditions. All DT conditions were video-recorded using 
a Sony camera (HDR-CX500V) and an Olympus Voice recorder (Voice-Trek V-801). Participants practiced one or two trials 
before implementing the actual trial. We calculated DTC (%) for each condition as 100 × (DT−ST)/ST.
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The effects of the dual task on gait and cognitive measures between groups were compared using 2 × 2 repeated measures 
analyses of variance (ANOVA). Dual task costs were analyzed using a 2 (group) ×2 (cognitive load) ×2 (task prioritization) 
mixed model ANOVA to determine the main effects and interactions among group, cognitive load and task prioritization. The 
significance for all analyses was set at 0.05. All data were analyzed using SPSS version 24.0 for Windows.
RESULTS
Table 1 summarizes the characteristics of the participants. Both groups were similar with respect to age. Predictably, 
stroke patients required significantly more time to complete the Timed up and Go test, and had significantly fewer correct 
responses per second in serial 3s. All the patients completed the TMT-A within 5 minutes which, if accompanied by an 
MMSE score of ≥24 points27), reportedly indicates good cognitive health. Stroke patients had a long post-stroke duration, 
and motor function disorder and cognitive dysfunction were relatively mild.
Table 2 shows the results of the ST and DT (means ± standard deviation [SD]) under the four conditions and the effects 
of the dual task (ST vs. DT). Interactions in all measures were not significant under the group * dual task effects. The main 
effects of TUG time and number of steps were significant under all four and three (serial 3s CP, serial 7s NP and serial 7s CP) 
DT conditions, respectively. The main effect of the number of correct responses per second was significant under serial 7s 
two DT conditions (serial 7s NP, serial 7s CP).
The results of the mixed model 3-way ANOVA showed that group × cognitive load × task priority interaction was not 
significant for the DTC of TUG time and number of steps, but was significant for the number of correct responses per second 
(p<0.05; Table 3). In addition, the group × task priority and group × cognitive load interaction was not significant. We identi-
fied significant main effects of task prioritization for DTC of TUG time and number of steps (both p<0.01). We also found a 
significant main effect of cognitive load for DTC of TUG time and number of steps (both p<0.01). However, the main effect 
of cognitive load and task prioritization for DTC on the number of correct responses per second was not significant.
DISCUSSION
The ability to execute motor and cognitive tasks was lower in the patients than the healthy adults. The effects of the 
dual task on both motor and cognitive performances were significant, especially under conditions of serial 7s and CP. This 
indicates that CMI occurs in patients with stroke as well as healthy adults.
Furthermore, effects of cognitive load and task prioritization on DT were similar for both patients and healthy adults. 
Healthy elderly people reportedly reduce walking speed as cognitive load increases and they concentrate on a cognitive 
task22). The present findings of patients with stroke were similar to these. As cognitive load increased, attentional resources 
were allocated to the cognitive tasks, which increased the amount of time and number of steps required to complete the 
TUG. When instructed to concentrate on cognitive tasks, the amount of time and the number of steps required to complete 
the TUG increased as compensation for concentrating on cognitive tasks. This finding indicates that patients with stroke, 
as with healthy adults, use the strategy prioritizing walking stability when cognitive load increases or when instructed to 
prioritize cognitive tasks in concurrent tasks. That is, patients with stroke are as flexible with respect to attention allocation 
to concurrent tasks as age-matched healthy controls, at least with respect to motor performance. However, a similar study of 
young healthy adults28) found a significant difference only in the prioritizing instruction (not the cognitive load), for which 
they had high cognitive function and sufficient postural reserves to allocate resources to the cognitive task. Therefore, they 
Table 1.  Characteristics of patients and healthy individuals
Measured parameters
Healthy adults (N=26) Stroke patients (N=26)
Means ± SD (range) Means ± SD (range)
Background
Age (yrs) 69.2 ± 12.3 (43–86) 69.2 ± 12.0 (44–88)
Gender (male:female) 8:18 18:8
Stroke and motor status
Poststroke duration (month) 69.9 ± 63.7 (2.9–203.8)
Fugl-Meyer lower extremity assessment 25.8 ± 4.8 (17–34)
Timed Up & Go (s) 9.1 ± 1.5 (6.5–11.9) 17.6 ± 7.6* (8.0–37.7)
Functional Ambulation Categories 5=20, 4=6
Cognitive status
Trail Making Test part A (s) 69.0 ± 41.6 (29.9–238.3)
Trail Making Test part B (s) 164.3 ± 93.4 (41.1–466.5)
Delta TMT (TMT B - TMT A) (s) 95.3 ± 73.4 (5.9–369.5)
Serial 3s (correct responses/s while seated) 0.44 ± 0.18 (0.17–0.83) 0.33 ± 0.15* (0.10–0.80)
Serial 7s (correct responses/s while seated) 0.25 ± 0.16 (0.07–0.66) 0.17 ± 0.12 (0.03–0.65)
*p<0.05 compared to the healthy adults.
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were not affected by cognitive load, which is different from the healthy adults and patients in the present study.
With respect to cognitive task, we found no effects of cognitive load and prioritizing instructions in the controls and 
patients. These findings suggest that as attentional demands increase, patients and healthy adults respond by reducing walk-
ing speed and the number of steps to prioritize completion of the cognitive task, and the cost of cognitive resources does not 
necessarily depend on the increase of attentional demand in concurrent tasks. This indicates that stroke survivors, like healthy 
adults, can perform concurrent tasks as long as risk of falling is no significant. However, one study of healthy adults22) found 
that the performance of cognitive tasks declined with increasing cognitive load. Our findings differed from these, perhaps due 
to the shorter distance walked to influence the cognitive task in the present study.
If CMI increases after stroke, walking performance during concurrent tasks declined. Cognitive-motor interference might 
contribute to the risk of falling among patients with stroke if they inappropriately prioritize tasks15). For example, if they 
Table 2.  Performance outcome measures under single and dual-task conditions
Single task Dual task
Motor task Cognitive task No priority Cognitive priority
Cognitive load: serial 3s
Time to complete Timed Up & Go (s)
Healthy adults 9.1 ± 1.5 11.0 ± 3.2 11.0 ± 3.0
Stroke patients 17.6 ± 7.6 20.8 ± 10.0*§ 21.6 ± 10.7*§
Number of steps to complete  Timed Up & Go
Healthy adults 15.3 ± 2.5 17.4 ± 5.1 17.4 ± 4.8
Stroke patients 24.5 ± 8.4 27.9 ± 10.3§ 28.7 ± 10.9*§
Number of correct responses per second
Healthy adults 0.44 ± 0.18 0.42 ± 0.23 0.43 ± 0.19
Stroke patients 0.33 ± 0.15 0.30 ± 0.20‡ 0.27 ± 0.18§ 
Cognitive load: serial 7s
Time to complete Timed Up & Go (s)
Healthy adults 9.1 ± 1.5* 11.0 ± 2.8 12.0 ± 4.6 
Stroke patients 17.6 ± 7.6* 22.7 ± 11.2*§ 23.7 ± 12.5†§
Number of steps to complete Timed Up & Go
Healthy adults 15.3 ± 2.5* 17.5 ± 5.1     18.2 ± 5.3
Stroke patients 24.5 ± 8.4* 29.5 ± 11.2*§ 30.0 ± 11.5†§
Number of correct responses per second
Healthy adults 0.25 ± 0.16 0.29 ± 0.17 0.23 ± 0.18
Stroke patients 0.17 ± 0.12 0.15 ± 0.11†§ 0.15 ± 0.11†§
Values are shown as means ± standard deviation.
Significant main effects at *p<0.05 and †p<0.01.
Significant between-group effects at ‡p<0.05 and §p<0.01.
Table 3.  Dual task costs: results of 3-way (2 × 2 × 2) mixed ANOVA comparison of cognitive load 
and task prioritization between healthy adults and patients with stroke
Cognitive load No priority Cognitive priority
Time to complete Timed Up & Go†§
Healthy adults Serial 3s 20.0 ± 21.7 20.3 ± 19.5
Serial 7s 21.2 ± 19.0 30.4 ± 34.6
Stroke patients Serial 3s 16.8 ± 20.6 21.8 ± 24.8
Serial 7s 29.0 ± 32.0 34.7 ± 43.8
Number of steps to complete  Timed Up & Go†§
Healthy adults Serial 3s 13.2 ± 16.7 13.9 ± 17.4
Serial 7s 14.2 ± 17.7 18.9 ± 19.6
Stroke patients Serial 3s 13.5 ± 11.8 16.5 ± 13.5
Serial 7s 19.9 ± 16.2 21.9 ± 16.2
Number of correct responses per second‖
Healthy adults Serial 3s −3.6 ± 34.0 2.5 ± 33.9
Serial 7s 33.7 ± 66.8 2.4 ± 65.4
Stroke patients Serial 3s −10.0 ± 35.2 −15.6 ± 40.9
Serial 7s 0.7 ± 75.0 10.2 ± 120.2
Values are shown as means ± standard deviation.
Significant main effects (task prioritization) at *p<0.05 and †p<0.01.
Significant main effects (cognitive load) at ‡p<0.05 and §p<0.01.
Significant interaction (group × task prioritization × cognitive load) at ‖p<0.05.
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assign priority to a conversation while maintaining walking speed they might stumble over obstacles. One report describes 
that patients with stroke use the posture first strategy in concurrent tasks to stabilize walking23). The present results were the 
same. That is, if cognitive load increases or prioritizing a cognitive task is instructed, patients might select an appropriate 
strategy to prioritize the walking stability. Several studies have described that CMI decreases over time during recovery 
from stroke, and dual task performance improves after stroke29, 30). Furthermore, dual task gait performance improves after 
dual task training in patients with stroke31, 32). Many of the present patients were in the chronic phase of stroke and had been 
adapted to everyday dual tasks, indicating that use the most appropriate strategy for concurrent tasks like healthy adults.
This study has several limitations. Since the patients had relatively mild dysfunction and gait disturbance, the character-
istics of CMI compared to healthy adults might have been harder to appear. To identify the characteristics of stroke might 
require studying stroke survivors with more severe dysfunction and gait disturbances. We measured only the amount of time 
and the number of steps require to complete the TUG test as an outcome of motor ability. To better identify the strategy ap-
plied to concurrent tasks, other aspects of gait might need to be measured. The distance walked might be too short to further 
clarify a cognitive task strategy. Since the degree of CMI and the task prioritization strategy are specific to combinations of 
the motor and cognitive tasks, walking distance should be considered with respect to the type and difficulty of the cognitive 
task.
In conclusion, this study compared the effects of cognitive load and task prioritization on walking and counting DT on 
patients with stroke and healthy adults. Increasing cognitive load and prioritizing the cognitive task similarly affected motor 
performances in the patients and healthy adults. When cognitive load increases and instructions are provided about prioritiz-
ing, patients with stroke use a posture first strategy to stabilize walking.
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